Introduction
The environment of a pregnant woman can affect not only fetal growth and development, but also disease development in childhood. Allergic disease is one of the most common disorders affected by the prenatal environment. 1 The fact that the offspring of a mother with allergies are at greater risk for the development of allergic disease than the offspring of allergic fathers suggests that allergies are not merely genetic, but are also influenced by the maternal environment during the intrauterine period through direct fetal exposure. 2, 3 These factors affect the development of disease by altering cytokine production by Th1 and Th2 cells. Although the mechanism of antigen transfer from mother to fetus through the placenta or amniotic fluid and the mechanisms by which this influences the later development of allergic disease in neonates are not yet clear, the reaction to a specific antigen in the fetal circulatory system at 22 weeks of gestational age implies that a fetus is affected by allergens, suggesting that the cytokine(s) secreted from fetal T cells can be a useful indicator of the status of the immunological development of a fetus.
The prenatal environment includes the mother's food intake and residential environment during pregnancy. There have been studies on associations between indoor allergens from house
Methods

Study subjects
The study subjects included 179 pregnant women ≥32 weeks of gestation. Participants were enrolled in the study from April to November 2010.
Pregnant women with a history of conditions that are known to affect the development of the fetal immune system, including congenital genetic disease, autoimmune disease, endocrine disorders such as thyroid disease, and gynecological diseases such as endometriosis, were excluded. Participants with infection during pregnancy, premature contractions, polyhydramnios, preeclampsia, and other perinatal diseases were also excluded from enrollment.
A total of 68 women (37.9%) were excluded from the study, including 42 who did not respond to the home visit or diet survey, and 26 who rejected the skin prick test. There were 111 women who completed all parts of the study, including the skin prick test and the assessment of food intake, and comprised the final study subjects.
Signed consent was obtained for participation in this study and for the use of samples, and a questionnaire about the history of allergic diseases in the pregnant subjects and their spouses, relevant family history, medical history including past diseases, age, family relationships, type of housing, duration of stay in the residence, pet ownership, history of smoking of subjects including indirect smoking, education, and income level was administered.
The study was approved by the ethics committees of Cheil General Hospital &Women's Healthcare Center (CGH-IRB-2009-04).
Maternal diet is affect cord blood IL-4 and IFN-γ
dust mites and pets and the development of allergic disease in infants through prenatal exposure. [4] [5] [6] Also, a number of studies have reported an association between prenatal diet and allergic diseases, including findings that the Mediterranean diet, which is rich in vegetables, reduces wheezing in infants, and that consumption of more vegetables and fruits during pregnancy prevents allergic diseases in infants, and that the incidence of asthma in neonates is higher in the presence of maternal vitamin and zinc deficiency. [6] [7] [8] [9] In addition, although the exact mechanism underlying this association with the development of allergic diseases has not been elucidated, several studies have shown an association between the development of allergies and maternal intake of nutrients such as folate, vitamin B 12 , vitamin B 6 , antioxidant vitamins, and trace elements including selenium, copper, and zinc. 6, 8, 10, 11 Despite the importance of the maternal environment during pregnancy, however, there have been few studies on the associations between environmental and food factors with aspects of fetal immunity such as cytokine levels at birth.
Therefore, the aim of this study was to investigate the effects of environmental factors on the development of the fetal immune system evaluated by investigating the associations between the mother's food intake and indoor environment and interleukin-4 (IL-4) and interferon-γ (IFN-γ) levels in neonatal cord blood.
Diagnosis of allergy and skin prick test
Allergic diseases in pregnant women and their spouses were diagnosed by allergists. The skin prick test was performed on study subjects to determine the presence or absence of sensitization to specific allergens, including two types of house dust mites (HDM; Dermatophagoides farinae and Dermatophagoides pteronyssinus), tree, grass, and weed pollens, as well as dog and cat dander.
Investigation of maternal food intake
A trained dietician evaluated the food intake status in pregnant subjects, weight gain during pregnancy, and the use of nutritional supplements or dietary restrictions by study subjects.
For the investigation of food intake, specifically, the food frequency questionnaire (FFQ) designed by the Korea Centers for Disease Control and Prevention (Korea CDC) and based on the 1998 Korean National Health and Nutrition Examination, was implemented. 12 A trained dietitian applied the semi-quantitative frequency questionnaire, which assessed the amount and frequency in the previous three months (third trimester) at 36-38 weeks of gestation. A total of 103 daily food items were included in the questionnaire. Each food that a participant reported consuming was analyzed for total energy intake (kcal) and 15 nutrients (fat, carbohydrate, protein, calcium, phosphorus, iron, zinc, vitamin A, vitamin E, vitamin B 1 , vitamin B 2 , niacin, vitamin B 6 , folate, and vitamin C) using DS 24 (Human Nutrition Lab, Seoul National University & AI/ DB Lab, Sookmyung Women's University, 1996).
12,13
Investigation into the indoor environment
The use of a carpet, fabric sofa(s), pet ownership, frequency of home cleaning, frequency of laundry activity, frequency of window opening, use of a vacuum cleaner filter and the use of HDM-proof bedding were surveyed at home visits.
Each household of the 111 pregnant women was visited during the study period to evaluate exposure to HDM. The concentration of HDM was measured using the semi-quantitative Rapid Test for Mite Allergen® (Indoor Biotechnologies, Cardiff, UK), an ELISA-based assay and a common test for measuring allergen concentrations; this test has a sensitivity of 80.0% and a specificity of 76.5% HDM allergens.
14 Household dust samples were collected from the bedding of the mother. A dust collector filter was inserted into the collector, which was firmly attached to the end of 1.8 kW vacuum cleaner (Electrolux, Brazil). In the bedroom, the sample consisted of material from vacuuming 1 m 2 areas of the bedding for 2 minutes. In the kit, a 1% BSA PBS-T solution was poured into the dust collector and mixed by shaking for 1 minute, then left upright for four minutes . Next, five drops were transferred into the small round sample well on the test cassette. After 10 minutes, a test line developed and was compared to the intensity of the line with the colored indicator and interpreted on a scale of 0 to 3.
Results
Characteristics of the subjects (Tables 1 and 2)
At the time of the survey, the mean gestational period of study subjects was 34 weeks and 4 days, and the mean age was 33.0±3.68 years (range, 23-42 years). Of the subjects, 77.7% (85 of 111) were experiencing their first pregnancy, and 63.0% (70 of 111) had an educational level beyond college.
Among the 111 subjects, there were 54 women with allergic diseases (allergic mothers). Among the allergic mothers, allergic rhinitis was the predominant allergic
Measurement of cytokines in cord blood
Cord blood was collected from the neonates of study subjects, and the levels of the cytokines IL-4 and IFN-γ were measured using quantitative real-time PCR (RT-PCR). The quantitative RT-PCR method was used because it has higher sensitivity and specificity than ELISA. 15, 16 Total RNA was isolated from cord blood from the neonate by chloroform:phenol extraction and isopropanol precipitation according to the manufacturer's guidelines (Research Center Inc. (Cincinnati, OH, USA). RNeasy Mini Kits (Qiagen, Valencia, CA) were used according to the manufacturer's protocol to isolate RNA and to further purify RNA. One microgram of RNA was reverse transcribed in a 20-μl reaction containing RT Primer Mix (Qiagen, Hilden, North Rhine-Westphalia, Germany), reverse transcriptase (Qiagen), 7x gDNA Wipeout buffer (Qiagen), 5x RT buffer (Qiagen) and distilled water (Qiagen). Real time PCR was performed and analyzed by the dual-labeled fluorogenic probe method using an ABI Prism 7300 sequence detector (Applied Biosystems). Primers and probes for human GAPDH were purchased from Applied Biosystems. Amplification reactions were performed in MicroAmp optical tubes (Applied Biosystems) in a 25 μl volume containing 2× TaqMan Master Mix (Applied Biosystems, Foster City, CA, USA), 900 nM forward primer, 900 nM reverse primer, 200 nM probe, and cDNA. Thermal cycling conditions were: 50ºC for 2 min, then 95ºC for 10 min for one cycle. Subsequently, 40 cycles of amplification were performed at 94ºC for 15 seconds and 60ºC for 1 min. Relative expression levels were calculated by the relative standard curve method as outlined in the manufacturer's technical bulletin. A standard curve was generated using the fluorescent data from the ten-fold serial dilutions of the cDNA from the sample with the highest expression. This was then used to calculate the relative amounts of target mRNA in test samples. The quantities of all targets in the test samples were normalized to the corresponding GAPDH levels in cord blood.
Statistics
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical tests. Each environmental factor and its association with IL-4 and IFN-γ were determined by multiple regression analysis, and dependent variables were examined using the Pearson correlation. The Mann-Whitney test was used for the comparison of groups and P values <0.05 were considered significant. disease (33 of 54, 61.1%), and there were seven subjects with two or more allergic diseases. These allergic mothers had mild intermittent symptoms without maintenance allergic therapy during pregnancy. There were 42 subjects that showed sensitization to allergens, including 35 with sensitization to HDM. 
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Measurement of IL-4 and IFN-γ in neonatal cord blood
The mean and standard deviation of IL-4 levels in the cord blood of neonates was 1.40±2.15 ng/GAPDH (ng) [range, 0-11.22 ng/GAPDH (ng)] and the IFN-γ was 0.57±1.17 ng/ GAPDH (ng) [range, 0-8.23 ng/GAPDH (ng)] (mean±SD). The measured concentrations of IL-4 and IFN-γ in neonatal cord blood showed no correlation (r=0.14).
IL-4 and IFN-γ in neonatal cord blood in allergic and non-allergic mothers
The measured levels of IL-4 and IFN-γ in cord blood from the neonates of allergic mothers (n=54) were significantly higher than those in the neonates of non-allergic mothers (p=0.035 and p= 0.042, respectively; Figure 1 ). There were no significant differences in IL-4 and IFN-γ levels between allergic and non-allergic mothers (p=0.516).
Food intake and IL-4 and IFN-γ in neonatal cord blood
The mean daily calorie intake of the pregnant women was 1926.9±65.4 kcal (mean ± SD). The mean weight gain during pregnancy was 11.78±4.31 kg, and 82% of the women used nutritional supplementation. Except for phosphorus, in more than 50% of the subjects, daily nutrient intakes were less than the estimated average requirements (EAR) according to Korean recommendations. There were no differences in the intake of total energy and nutrients between allergic and non-allergic mothers.
Of all subjects, 68.4% (76 of 111) reported dietary restriction regarding some foods, and there were more allergic mothers (64.8%; 35 of 54) than non-allergic mothers with such some food restrictions; however, the difference was not statistically significant ( Table 1) . There was no difference in the number of restricted foods between allergic and non-allergic mothers (p=0.261).
Analysis of the quartiles of IL-4 and IFN-γ expression (Tables 3 and 4)
No associations were observed between the intake of any nutrient or nutritional supplement and IL-4 or IFN-γ levels. However, when IL-4 and IFN-γ levels were divided into quartiles and compared between groups over the 75 th percentile (highest quartile group) and below the 25 th percentile (lowest
Discussion
In this study, we measured IL-4 and IFN-γ levels in neonatal cord blood, and determined an association between these cytokine levels and the antenatal environment, especially maternal diet. There was a strong association between maternal intake of folate and vitamin B 6 and IL-4 and IFN-γ levels in neonatal cord blood, whereas there were no significant associations between these cytokines and the indoor environment. To the best of our knowledge, this is the first report to find an association between maternal intake of folate and vitamin B 6 and cord blood IL-4 and IFN-γ levels.
In the uterus, the production of IFN-γ from sensitized cells is relatively low, whereas the cytokines produced by Th2 cells, such as IL-4, IL-5, and IL-13 predominate, leading to a Th1/ Th2 imbalance and Th2-biased immune response at birth. [17] [18] [19] [20] [21] Even in the neonatal period, a Th2 bias has also been reported without risk factors for allergic diseases. 22, 23 In this study, IFN-γ was also present at lower levels than IL-4 in the neonatal cord blood of all subjects. Both IL-4 and IFN-γ levels were higher in neonates born to allergic mothers than to non-allergic mothers ( Figure 1) ; however, there was no difference according to maternal allergy status in the IL-4/ IFN-γ ratio (p=0.516), indicating a Th1/Th2 imbalance at birth regardless of the mother's allergy history. This can be explained as a physiological mechanism to maintain both fetal viability and pregnancy through allograft tolerance promoted by Th2 quartile group) in the allergic and non-allergic mothers, the highest quartile group of IL-4 was found to be significantly associated with a lower intake of folate and vitamin B 6 than those in the lowest quartile group, but only in allergic mother. Although it was not a statically significant difference, vitamin E, vitamin B 2 , phosphorous and zinc were statically marginal in significance (Table 3) .
Moreover, there were no differences in any environmental factors, including smoking exposure, pet ownership, paternal allergic disease, dietary restrictive intervention and nutritional supplementation between the highest quartile group and the lowest quartile group in IL-4 (p>0.05).
In non-allergic mothers, greater intake of folate and vitamin B 6 was found in the highest quartile group of IFN-γ compared to those of the lowest quartile group ( Table 4) .
Indoor environment during the prenatal period, and IL-4 and IFN-γ levels in neonatal cord blood
Among the indoor environmental factors, allergic mothers used less carpet than non-allergic mother. (p=0.023) Other factors, including indirect smoking, pet ownership, HDM in the residence, and the use of HDM-proof bedding showed no association with levels of IL-4 or IFN-γ in both allergic and non-allergic mothers (Tables 1 and 2) .
Thirty-five subjects demonstrated sensitization to HDM in the skin prick test; however, these sensitized cases did not correlate with the detection of HDM in homes (n=29, p=0.086). There was no significant difference between mothers with an HDM positive home (1+ to 3+) and mothers with an HDM negative home with regard to levels of IL-4 or IFN-γ (p=0.323 and p=0.819, respectively).
cytokines, which dampen Th1 immune responses.
Cytokines in cord blood are believed to be predictive factors for the development of allergic diseases after birth, despite the Th2 cytokine bias at birth, because the Th1/Th2 imbalance is either maintained or exacerbated after birth; this can influence the development of allergic diseases. Several studies have reported that pre-existing hyper-responsive T-cell cytokine responses from birth may influence the development of allergic diseases in children. 5, 24 The prenatal environment is the primary determinant of this imbalance after birth. Maternal allergic disease is an important risk factor for the development of allergic diseases in offspring. One potential explanation for the development of allergies in children of atopic mothers is Th1/Th2 regulation. 25, 26 Based on the finding that IL-4 and IFN-γ levels were significantly higher in allergic mothers than in non-allergic mothers in the present study, it can be posited that the fetal immune response in neonates from allergic mothers is hypersensitive to allergens or that the fetal immune system is more active.
With respect to the association between nutrient intake and cord blood IL-4 and IFN-γ, this study showed that less intake of folate and vitamin B 6 was associated with higher IL-4 levels in allergic mothers, and more intake of folate and vitamin B 6 was associated with higher IFN-γ levels in non-allergic mothers, based on an analysis of these cytokine levels in the highest and lowest quartiles. Zinc, phosphorus, iron, vitamin E and niacin showed marginal p values. (Table 3) .
Diet is suspected to impact asthma and allergy susceptibility is through epigenetic mechanisms, including DNA methylation. 27, 28 Dietary methyl donors are important in the on single-carbon metabolism pathway that is essential for DNA methylation. 29 Folate and vitamins B 6 , B 12 , and B 2 are water-soluble B vitamins which are naturally occurring in many foods; they are key cofactors for single-carbon metabolism. 30 Some studies have suggested a relationship between maternal folate and vitamins B intake and allergic disease in the offspring. 31, 32 Additionally, antioxidants such as zinc, vitamin C, and vitamin E are examples of dietary nutrients that have potentially immunomodulatory effects. 28 A proposed mechanism suggests that an adequate intake of vitamins (B 6 , B 12 , C, and E) as well as zinc and iron supports Th1 cytokine-mediated immune responses and the production of pro-inflammatory cytokines, and limits the anti-inflammatory Th2 cell-mediated immune response. 11 Also, folate deficiency alters the cell-mediated immune response by reducing the proportion of circulating CD8+ T cells and inhibiting the remethylation cycle, both of which alter the Th1/Th2 balance. 11, 29 Moreover, a recent animal study showed that blocking folate metabolism might be helpful in suppressing allergic airway disease in mice. 33 Our results provide evidence that folate and vitamin B 6 affect fetal immunity, and it is possible that low folate levels in some pregnant women in this study had an influence on the fetuses. To the best of our knowledge, this is the first report of an association between maternal folate intake and vitamin B 6 and IL-4 and IFN-γ levels in cord blood, and might provide a mechanistic link between folate and vitamin B intake and the development of allergic disease.
Despite the American Academy of Pediatrics guidelines suggesting that pregnant women do not need to practice dietary restrictions in order to prevent allergic diseases, dietary interventions are still commonly performed. Most participants in this study practiced some restriction of some foods regardless of the presence of allergies. In terms of the nutrient intakes of pregnant women who participated in this study, more than 80% were taking supplements; however, except for phosphorus, intake levels were lower than the KDRI (Dietary Reference Intakes for Koreans) suggested by the Korean Nutrition Society. Dietary interventions might have resulted in lower nutrient intake than the recommended amounts; therefore, dietary restrictions without a specific purpose in pregnant women could greatly affect the development of allergic diseases in neonates. The results of this study support the notion that dietary intervention (restriction) in pregnant women is not necessary for the prevention of allergic diseases, but rather consuming the recommended amount of nutrients is important for preventing allergic disease.
In this study, positivity to HDM antigen in the home in 35 subjects had no association with IL-4 or IFN-γ levels in neonatal cord blood and sensitized mothers. This finding may be explained that maternal allergen sensitization likely developed in early life, not during pregnancy. However, the impact of the residential environment on fetal health during pregnancy was of great interest to the subjects, considering results showing less carpet use in allergic mothers.
This study has a number of advantages concerning the investigations into food intake. First, each nutrient, rather than food units, was measured by determining the nutrients from consumed foods, because dietary intakes can vary according to socioeconomic status, culture, and lifestyle. Second, as the FFQ verified by the Korea CDC includes a list of 103 food groups and indicates the amounts of food intake through pictures, daily intake could be studied relatively accurately. Third, previous studies on the associations between dietary intake and allergic diseases have been cross-sectional in nature, whereas this study was prospective, employing surveys and interviews on dietary intake during the third trimester. Considering that it is uncommon to change dietary habits suddenly during the third trimester, the diets investigated during those three months can be assumed to be similar to the diets maintained throughout the pregnancy.
Our study has limitations; first, 63% of participants in this study had an education beyond collage and 77% were in their first pregnancy, who had great interest in fetal health, and thus were actively involved in the control of environmental factors, including dietary interventions and nutritional supplements. However, this likely had little effect on the results since there were no significant differences in the demographics of allergic and non-allergic mothers. Secondly, maternal serum levels of folate and vitamin B 6 were not measured, and thus there are some limitations to explaining the exact links between folate, vitamin B 6 , IL-4 and IFN-γ levels in neonatal cord blood. Thirdly, in the measurements of indoor allergens, only HDM allergen was assessed. However, HDM is the most common and important inhaled allergen in Korea. 35 Also, the among the allergens tested in this study, HDM sensitization was most common (83%). Considering this, the investigation of other indoor allergens such as cat or dog was of little importance.
In conclusion, the maternal diet during pregnancy was found to be associated with IL-4 and IFN-γ levels in neonatal cord blood. The highest quartile of IL-4 in neonatal cord blood was associated with low intake of folate and vitamin B 6 in allergic mothers, and highest quartile of IFN-γ in neonatal cord blood was associated with more intake of folate and vitamin B 6 in non-allergic mothers. These results indicate that food intake directly affects the levels of these cytokines in neonatal cord blood, more so than environmental exposure. Therefore, further study is needed to investigate maternal diet and the development of allergic diseases after birth in an effort to prevent or control these diseases.
